Two to four million Americans are estimated to suffer from dementia, and of those, about 1.5 million are thought to have severe dementia requiring constant care, either in institutions or in their homes (1, 2) . Assessment is difficult in noninstitutionalized populations, so precise estimates of the prevalence of dementia are uncertain. The prevalence increases with age, with estimates ranging from 24 percent (3) to over 47 percent (4) in those aged 85 years and above. The continuing aging of the US population will yield large increases in numbers of affected individuals. The high prevalence, important implications, and concern about availability and cost of care result in dementia being one of the major health problems for the elderly.
Despite extensive work, no major modifiable risk factor has been identified for senile dementia of the Alzheimer's type. Recent publications have focused on the association between the effect of cholinesterase inhibitors (5-7) as well as anti-inflammatory drug use (8-10) on cognitive decline. Multi-infarct dementia is the second most common cause of dementia, comprising up to 50 percent of dementias in the elderly (3, (11) (12) (13) (14) . High blood pressure is its major risk factor (15) , whose alteration may be beneficial (16) .
During the past decade, the anti-aggregatory properties of acetylsalicylic acid (aspirin) have been shown to prevent transient cerebral ischemic attacks and atherothrombotic strokes (17) (18) (19) . Since the pathology of multi-infarct dementia involves major as well as minor cerebral infarctions, aspirin could potentially reduce its occurrence or alter its course. This hypothesis has been addressed in one small randomized trial that enrolled subjects at high risk of multi-infarct dementia (20) . Cerebral perfusion values and cognitive performance scores were significantly improved among aspirin-treated subjects at each of three annual follow-up evaluations (21) , but the study was not placebo controlled, and this finding has not been replicated so far.
The aim of the present analysis is to examine in prospective data whether aspirin use affected decline of cognitive function among persons aged 65 years and older in East Boston, Massachusetts, by using data gathered in the Established Populations for the Epidemiologic Studies of the Elderly project.
MATERIALS AND METHODS Population
The study population is 3,809 elderly residents of East Boston who participated in the Senior Health Project. East Boston is a geographically defined, urban, working-class community of approximately 32,000 persons and is one of four centers of the US National Institute on Aging Established Populations for Epidemiologic Studies of the Elderly project. Beginning in 1982, a community census was performed. All dwelling units were visited by interviewers to ascertain the identity, sex, and age of each resident. All noninstitutionalized individuals aged 65 years or older were invited to participate in the study by responding to a structured questionnaire administered in their homes by trained interviewers. Virtually all (99.8 percent) households in the community were enumerated in the census.
Of the 4,497 eligible residents, 3,809 (84.7 percent) participated in the baseline study and form the cohort The cohort was followed by in-home interviews and examinations after 3 and 6 years and by telephone interview in the intervals. Of the 3,223 participants alive at the time of the 3-year follow-up, 2,773 (86.0 percent) had in-person interviews including cognitive assessment. Of the 2,556 participants alive at the time of the 6-year follow-up, 2,023 (79.1 percent) had inperson interviews with cognitive assessment. For this analysis, we used the in-home interviews, and the follow-up period was divided into two 3-year intervals (baseline to the 3-year follow-up and the 3-year follow-up to the 6-year follow-up).
Assessment
Medication use was assessed at baseline and at the follow-up examinations by an interviewer after examination of all medication containers for prescription and nonprescription drugs taken during the previous 2 weeks. In addition, the frequency of administration for each medication was assessed and grouped according to the number of pills taken per day. Drugs taken less than once per day were assigned to an "as needed" category. All identified drugs were coded using an updated version of the Drug Product Information Coding System (22) . Codes of medications containing acetylsalicylic acid (aspirin) were grouped by using the 1982, 1986, and 1993 editions of the Physicians' Desk Reference (23) , as well as other sources. Since the possible effect of aspirin was hypothesized to be more dependent on frequency than on dose, mean daily dose was not used in the analyses.
Cognitive function was measured at each interview by use of a memory test (East Boston Memory Test) and a short portable mental status questionnaire (SPMSQ). The nine-item SPMSQ was derived from an earlier instrument by Kahn et al. (24) and is similar to Pfeiffer's Short Portable Mental Status Questionnaire (25) (the question "What is the name of this place" was dropped because pretesting revealed that participants objected to being asked this question in their homes). Response was scored into three categories: high (8-9 correct answers), medium (6-7 correct answers), and low (5 or fewer correct answers). The sensitivity and specificity of both tests has been estimated by using a stratified sample of 467 participants who underwent detailed clinical evaluation including neurologic, neurophysiologic, psychiatric, and laboratory examinations, which categorized participants as having no impairment, mild impairment, or moderate/ severe impairment (26) . With the middle SPMSQ and mild impairment categories excluded, sensitivity of the SPMSQ for identifying moderate/severe cognitive impairment was 85 percent and specificity was 96 percent (27) .
The following variables were thought to be potential confounders because of possible associations with aspirin use or cognitive decline: age (five 6-year categories), sex, education (0, 1-6, 7-8, 9-11, and 12 or more years of formal schooling), obesity (body mass index > 29.5 kg/m 2 ), hypertension (systolic blood pressure ^160 mmHg or diastolic blood pressure S: 95 mmHg, based on the mean of three seated measurements, or taking antihypertensives), current smoking (yes/no), impaired mobility (any negative answer to one of the following questions: can you do work around the house, can you climb stairs without help, and can you walk half a mile), no regular physical activity (no regular exercise at least once a week and not taking frequent walks in good weather), alcohol use (grams of pure alcohol calculated from the number of bottles of beer, glasses of wine, and drinks of liquor consumed in the month prior to the interview according to the Framingham classification (28) ; categorized into 0, 15 g a day or less, and more than 15 g a day), diabetes (two categories: self-report without medication; taking hypoglycemics), history of myocardial infarction (self-report), angina (according to the Rose questionnaire (29)), headache (any headache within the year prior to the interview), joint pain (pain in any joint on most days for at least 1 month in the year prior to the interview), and symptoms of depression (four or more affirmative answers to a shorter form of the Center for Epidemiologic Studies Depression Scale symptoms index (30) ). Whenever values of these variables were missing at the beginning of the second interval, those from baseline were used, if available. Current values of at least one covariate (frequently body mass index) were missing at the beginning of the second interval for 219 participants who had values for these variables at baseline. If these second intervals were deleted from analyses, estimated aspirin effects changed little, although their standard errors increased slightly.
Analysis
We used direct standardization on age and sex with weights based on the overall number of individuals in each stratum to calculate the distribution of possible confounders at baseline according to aspirin use. Differences in rates of characteristics between aspirin users and nonusers and 95 percent confidence intervals also used these weights. For primary analyses, decline in cognitive function, defined as a transition in SPMSQ categories (high to medium or low, or medium to low) separately in each 3-year period, was the dependent variable with aspirin use as the independent variable. Subjects with low cognitive function at the beginning of an interval could not decline on this scale and were therefore excluded from these analyses for the corresponding interval. Stratum-specific rates of decline by aspirin use and SPMSQ category at the beginning of the interval were calculated. We used Mantel-Haenszel estimates for the odds ratios and their 95 percent confidence intervals adjusted for age, sex, and SPMSQ category at the beginning of the interval.
Multiple logistic regression was then used to estimate odds ratios and their 95 percent confidence intervals as measures of the relative proportion of decline in aspirin users versus nonusers after possible confounders were entered as covariates. We evaluated confounding by introducing variables into the model and examining the change in the aspirin parameter estimate (31) . Effect modification of the association of aspirin with decline in cognitive function was tested by introducing interaction terms between aspirin use and all covariates. Since individuals could contribute information on two intervals and these changes might be correlated, the estimating equation approach was used to adjust the standard errors for repeated measurements (32) . We used a score test (33) to compare rates of cognitive decline across categories formed by frequency of aspirin use (never, as needed, 1-2 per day, more than two per day).
As an alternative analytic strategy that considers change in the original nine-level scale of the SPMSQ, we used a normal scores transformation to obtain a measure of change independent of the initial score (34) . This was done by first ranking the individual differences between baseline and 3-year follow-up (defined as 3-year level minus baseline level of SPMSQ) combined with those between 3-and 6-year follow-up (defined as 6-year level minus 3-year level of SPMSQ) separately within each level of SPMSQ score at the beginning of an interval. Second, these ranks were transformed to the value, or normal score, that corresponds to the percentile of a normal distribution with mean 0 and variance 1. These normal scores were then used as the dependent variable in multiple linear regression models. These models included the same independent variables as the logistic regression models to control for confounding. Additional analyses used age, years of formal schooling, systolic pressure, and body mass index as continuous variables. However, results changed little, so these additional analyses are not shown. Because, as before, individuals could contribute changes during each of two intervals that might be correlated, we used a general linear model, as described by Jennrich and Schluchter (35) , to estimate these effects. We assumed an unstructured covariance matrix for the repeated measures and obtained maximum likelihood estimates from the BMDP program 5V (36) .
Because nonsteroidal anti-inflammatory drugs (NSATDs) may have effects on cognitive function that are similar to aspirin, we estimated effects in individuals not using NSAJDs in addition to analyses that controlled for use of these drugs. Since values of cognitive decline may more likely be missing in those who actually declined, we assessed the impact of missing data in a separate logistic regression model, which treated individuals with partial or proxy interview at the end of each 3-year interval as having declined in cognitive function. We also looked at the association between aspirin use and participation with cognitive assessment over both intervals by using an age-and sex-adjusted logistic regression. To provide some evaluation of regular aspirin use, we fitted a separate logistic regression model among individuals whose aspirin use did not change between baseline and the 3-year follow-up and examined the impact of aspirin use at both times on decline from the 3-year follow-up to the 6-year follow-up.
We also performed additional stratified analyses. Because it may be difficult to control for the effects of preexisting cardiovascular disease on both aspirin use and the risk of death, we fitted separate multivariate models in those with cardiovascular disease (history of angina, myocardial infarction, stroke, or current use of digoxin or loop diuretics) and those without any of these conditions. Separate multivariate models were also fitted among those with a high level of SPMSQ at the beginning of an interval and among those with a medium level.
RESULTS
In table 1, the follow-up and mental status categories are presented for the entire cohort of 3,809 elderly residents of East Boston. At baseline, the SPMSQ was administered to 3,631 individuals (95.3 percent). The cognitive function of 178 subjects could not be assessed at baseline because they had only partial interviews or a proxy was interviewed. Three years later, at the 3-year follow-up, the SPMSQ was administered to 2,773 individuals (86.0 percent of all living). After 6 years (6-year follow-up), the SPMSQ was administered to 2,023 individuals (79.1 percent of all living).
The number of cohort members alive and the proportion participating in the cognitive function assessment are presented in table 2 by baseline age and time of evaluation. Participation declined uniformly from 98 percent at baseline in the youngest two age groups to 42 percent at the 6-year follow-up in the oldest.
Of the 3,793 (99.6 percent) individuals with available information on medication use at baseline, 975 (25.7 percent) took aspirin in the 2 weeks prior to the interview and 2,818 did not; 477 (12.6 percent) used aspirin less than daily (as needed), 294 (7.8 percent) took one to two aspirin a day, and 204 (5.4 percent) took more than two aspirin a day. In table 3, we present the distribution of various potential confounding factors according to aspirin use at baseline. The age distribution of those taking aspirin is similar to the distribution of those not taking aspirin. The proportion of women is higher in the group taking aspirin than in the group not taking aspirin. Obesity, impaired mobility, not having regular physical activity, light alcohol consumption, angina, headache, joint pain, and depression are all more common in aspirin users than in nonusers. The opposite is seen for the proportion of individuals taking acetaminophen, which is lower in aspirin users than in nonusers, indicating differential use of these drugs. All other variables were comparable between aspirin users and nonusers. Table 4 presents the number of individuals with high or medium SPMSQ category (at risk of decline) at baseline or the 3-year follow-up as well as the proportions who declined in cognitive function over the first and second 3-year periods. Only individuals with cognitive function assessed at the beginning and the end of an interval are included in these analyses. Combining both categories at baseline, 30.6 percent of 1,852 individuals not taking aspirin declined in cognitive function, compared with 31.8 percent of 679 taking aspirin. Aspirin use was therefore associated with a 7 percent increased risk of decline in the interval from baseline to the 3-year follow-up (p = 0.49). The corresponding numbers for the second interval (from the 3-year follow-up to the 6-year follow-up) are very similar: 28.1 percent of 1,305 not taking aspirin declined in cognitive function compared with 27.1 percent of those taking aspirin, leading to a 7 percent decreased risk of decline in aspirin users (p = 0.56). In table 5, we present the results of the multivariate models. The second and third columns refer to models that included individuals using NSAIDs, whereas the fourth and fifth columns exclude those taking NSAIDs. Effects in the latter are slightly more pronounced and are presented here. The models are based on 2,262 (89.4 percent of all eligible) individuals in the first and 1,657 (95.0 percent of all eligible) individuals in the second interval because of missing covariates. For any aspirin use versus none, aspirin users had a 6 percent decreased risk of decline in cognitive function (p = 0.50). When different frequencies of aspirin use were examined, a low frequency of use (as needed) was associated with a 16 percent reduction in risk of cognitive decline {p -0.15). In contrast, a higher frequency of use (more than two aspirin per day) was associated with a 31 percent increase in risk of decline (p = 0.14). Taking one to two aspirin per day was associated with a 9 percent reduction in risk of decline (p = 0.52). Testing the equality of all categories simultaneously revealed a nonsignificant effect of the aspirin frequencies in the model that excluded NSAIDs users (p = 0.15).
In table 6, we present the effect of aspirin use on change in cognitive function over 3 years based on the normal scores transformation of changes in SPMSQ. Estimated effects above zero represent a change in cognitive function that is above the median after 3 years for a given initial level, whereas results below zero represent changes below the median. A value of zero therefore stands for a median change and does not mean no change. The results are very similar to those shown in * NSAIDs, nonsteroidal anti-inflammatory drugs. t Odds ratio (OR) combining both 3-year periods, adjusted for age (6-year categories), sex, education (five levels), obesity, hypertension, smoking, mobility, physical activity, alcohol use (three levels), diabetes (three levels), angina, headache, Joint pain, depressive symptoms, acetaminophen use, and Short Portable Mental Status Questionnaire category at start of intervals.
t Confidence Interval (Cl) adjusted for repeated measurements using the estimating equation approach.
§ Aspirin use In the 2 weeks prior to the interview.
nonusers that is slightly more pronounced with a low frequency of use and is again nonsignificant. None of the interaction terms between aspirin use and the covariates used in the models was significant, indicating no major effect modification. Additional models that assumed that individuals with partial or proxy interview declined in cognitive function and models that considered aspirin use at both baseline and 3-year follow-up (11 percent were aspirin users at both times) show results very similar to those presented in table 5 (data not shown). When categorizing missing cognitive function information at the end of each interval as a decline in cognitive function or aspirin consumption according to information at baseline and the 3-year follow-up, aspirin use was associated with a 3 percent (p = 0.70) or 2 percent (p = 0.92) reduction in risk of cognitive decline, respectively.
Separate multivariate analyses of those with and those without cardiovascular disease found a nonsignificant {p = 0.23) 12 percent decreased risk of decline in cognitive function associated with aspirin use in those without cardiovascular disease (odds ratio (OR) = 0.88, 95 percent confidence interval (Cl) 0.72-1.08), whereas among diose with cardiovascular disease, aspirin use was associated with a nonsignificant (p = 0.28) 20 percent increased risk of decline in cognitive function (OR = 1.20, 95 percent Cl 0.87-1.66). Multivariate analyses stratified by high or medium level of SPMSQ at the beginning of an interval found a slight reduction in risk of decline associated with aspirin use among those with initially high SPMSQ (OR = 0.91, 95 percent Cl 0.74-1.11) and a slight increase in risk of decline among those with initially medium SPMSQ (OR = 1.14, 95 percent Cl 0.82-1.59).
DISCUSSION
The East Boston cohort appears to be well suited to study the influence of aspirin use on cognitive decline in the elderly. It is a population-based study of the elderly who are at the highest risk of the outcome. Detailed information on medication use and cognitive function was assessed three times over a 6-year interval, allowing evaluation of prospective data. The tests used to assess cognitive function have been validated by extensive medical examination using a sample of the cohort, many possible risk factors have been ascertained, and the follow-up is excellent because of extensive efforts and a stable population. Overall, aspirin users did not have a significantly reduced risk of cognitive decline, and 95 percent confidence intervals excluded increases or decreases of risk beyond 20 percent. Exploratory analyses of the frequency of aspirin use and cognitive decline showed variable effects, but these were also consistent with chance.
These data must be interpreted with caution. Measurement error regarding long-term aspirin use as well as decline in cognitive function is likely to be present, and the direction and magnitude of the bias introduced is not always obvious. Aspirin use in the 2 weeks prior to each observation period is used as exposure. Since medication use was assessed by in-home interviewers asking explicitly for aspirin and other over-the-counter drugs and cross-checking this information with drugs actually present in the medicine cabinet, aspirin use in this period is likely to be accurate. On the other hand, the possible effect of aspirin on cognitive decline is likely to be most pronounced in subjects with chronic aspirin use (preventing more mini-infarctions over time), which has not been assessed in this cohort. Although long-term use of analgesics, including salicylates, has previously been assessed successfully over a 10-year period (37) , the assessment of aspirin use over intermediate time periods is at least impractical, if not impossible. This is due to the widespread intermittent use of the drug as well as the lack of prescription information. Misclassification is likely to be nondifferential and therefore will likely bias the results toward observing no association. A separate multivariate model classifying aspirin exposure by using information from baseline and the 3-year follow-up interviews (present if aspirin was used at both baseline and the 3-year follow-up and absent if aspirin use was absent at both interviews) showed very similar results with the limitation that it is based on many fewer individuals.
On the other hand, measurement error regarding decline in cognitive function is very likely. The shortcomings of assessments of cognitive function by brief screening tools, especially when administered outside the hospital setting, are well known (38, 39) . In this context, it is important to consider the sensitivity and specificity of the SPMSQ coding in members of the cohort who underwent detailed medical examination. Both were found to be very high (85 and 96 percent, respectively). Although a high specificity is usually regarded as sufficient to avoid major bias of ratio measures in a cohort study, in this setting with a high prevalence of disease the number of false negatives resulting from a lower sensitivity might be equally or even more important. Pfeiffer (25) found the reliability of the SPMSQ to be good with test-retest correlations of 0.82 and 0.83, respectively, when two groups of elderly subjects were given the SPMSQ twice at ap-proximately 4-week intervals. Misclassification is likely to be nondifferential and would therefore tend to bias the results toward observing no association. On the other hand, we found strong associations of known risk factors with cognitive decline (data not shown), making major nondifferential misclassification unlikely.
Since decline in cognitive function is likely to be a cause of missing data, the occurrence of missing data is an inherent problem in studies regarding cognitive function in the elderly. Since missing data in the outcome measure can be assumed to be positively associated with cognitive decline, they are not random. The analyses presented are based on individuals without missing values and might be biased. We estimated the extent of this bias in two ways. First, we found only a modest, nonsignificant association between aspirin use at the beginning of each interval and subsequent participation with cognitive assessment at the end of the interval (combining both intervals, age-and sex-adjusted odds ratio of participation at the next examination associated with aspirin use = 1.13; 95 percent CI 0.99-1.29) (data not shown). Second, we ran a separate multivariate model, assuming that individuals with partial or proxy interview (SPMSQ category missing) at the end of a 3-year period actually had a decline in cognitive function. A similar approach has been used previously in a longitudinal study (40) . The aspirin effect is almost identical in this model (data not shown), indicating that no major bias is introduced by restricting the analysis to those with assessment of cognitive function. Furthermore, the strongest predictor of missing data on cognitive function, i.e., age (table 2), is not associated with aspirin use (table 3) .
Any association between aspirin use and cognitive decline is very likely confounded by a variety of known and unknown factors. Strong associations of aspirin use and factors possibly related to cognitive decline were found in this study (table 2) and were controlled for in the multivariate analyses. Nevertheless, many of the cutoff points chosen are subjective, and these factors themselves are not measured without error, leaving the possibility for residual confounding. On the other hand, factors known to be the strongest predictors of cognitive function testing, such as age and education, were adequately controlled for in the analyses. Furthermore, an additional model that used continuous variables instead of the categorical ones gave very similar results (data not shown). Some of the factors, such as mobility, might be on the causal pathway for some of the effects of aspirin on cognitive decline. Since the causal pathway is not completely clear and is most probably complex, overcontrolling cannot be excluded in this context.
When all of the above considerations are taken into account, this study indicates little benefit of aspirin use on decline in cognitive function in an elderly population, although the data are consistent with a possible small beneficial effect associated with intermittent use. On the other hand, the above considerations also indicate that the hypothesis is unlikely to be proven or rejected in an observational setting since the amount of uncontrollable confounding or bias in any observational study is similar to the magnitude of a plausible small-to-moderate benefit of 20-30 percent (41) . A randomized trial in this age group will therefore be needed to answer the question definitively.
